T HIS paper describes a new spectroscopic tool in which optically forbidden electronic transitions can usually be detected as clearly as optically allowed ones in a fairly routine manner. It uses the inelastic scattering of low-energy electrons by molecules as the means for determining their electronic energy levels.
The apparatus is a modification of that employed by Arnot and Baines.
1 Approximately monoenergetic electrons in the energy range of 25 to 100 eV are generated in a gun chamber and directed through a 1.5-mm diameter pinhole into a scattering chamber which contains a gas at about 10-4 mm Hg. 2 The scattered electrons are energy analyzed by a retardation- potential method using a series of cylindrical grids coaxial with the incident beam. The current I to a cylindrical collector is measured as a function of the maximum energy loss E of the scattered electrons. The derivative, dljdE vs E is called an electron-impact spectrum. The electronic transitions induced include optically forbidden ones, due in part to exchange scattering. 3 • 4 The energy scale was calibrated for each gas using its ionization peak. The correction turned out to be, on the average, only about ±0.2 eV.
The performance of the apparatus was determined using He, Ar, and Hz as test gases. Figure 1 shows the impact spectrum of helium. 5 It can be seen that, within the inherent resolution (0.33 eV) and accuracy (±0.25 eV) of the apparatus the agreement with the optical values is excellent.
For H2 the electron impact bands obtained are in good agreement with what would be predicted from the potential-energy diagrams for this molecules-s assuming Franck-Condon transitions. 9 In particular, a band about 3.2 eV wide, with an onset at about 8.3 eV and a maximum at 9.2 eV is seen, corresponding to an excitation from the ground electronic state to the repulsive 1 3~u + state. Figure 2 shows the electron impact spectrum of ethylene at a beam energy of SO eV. The elastic band peaking at 2 eV is shifted away from E=O because of instrumental effects of a geometrical nature. The bands peaking at 7.7, 8.8, and 10.5 eV are in good agreement with the vacuum ultraviolet optical results which furnish 7.66 eV for the maximum in the v~N band,' 0 onsets of 7.1, 8.2, and 8.65 eV for three R~N Rydberg series,n and an ionization potential of 10.45 ev.u
The peak at 4.8 eV agrees with the optical value of 4.6 eV obtained by Evans using the oxygen-intensification technique 12 and assigned to a vertical T~N transition of the 1r-electron system.
•
13 The peak at 6.5 eV is in good agreement with an optically forbidden transition energy of 6.4 eV obtained by Potts 14 and tentatively assigned to a Rydberg triplet state.l 3 Comparison of the 50-eV spectrum with ones taken at 40 and 75 eV shows that the intensity of the 4.8-eV band decreases strongly compared to the 7. 7-eV band with increasing incident electron energy, as expected for spin-forbidden transitions. 4 This is in agreement with Evans' assignment. However, the intensity of the 6.5-eV band does not decrease to any significant extent in the 40-to 75-eV range of incident-electron energies, suggesting that although optically forbidden, it does not correspond to a singlet-triplet transition. 4 Further experimental details and results will be described in a forthcoming publication.
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